Abstract: Stripes are artifacts in satellite images caused by various factors such as haxdware defects. In some cases, these artifacts are introduced by some mitigating algorithms like Landsat SLC-off (Scan Line Corrector)
contradict with auxiliary data-using methods, and thus can be used as the core process for the above-mentioned algorithms of this category. Also , it is applicable to the output of other methods without a strict need of the original data set, and it may be used to "resurrect'' the large amount of processed images in the ETM + archive less expensively than some complex algorithms.
Algorithm
Although some methods have been proposed to cover the gaps in the ETM + images, they do not cover all the provements from IlJ:IM to A WIJIM. Thus , in this study, we tried to improve the striped images by adopting a customized approach, with steps described below.
1 LLHM and A WLHM algorithms
As a first step , gaps are located by the LLHM method. 
4 Extraction of stripe-border pixel values by using morphology operators
In this step, we use reliable and original adjacent values in the background image to estimate the unreliable inner pixels along the stripes. The border is between these two groups of pixels and we want to pass a stitch line through the border pixels. So , we need to extract the values of these border pixels first with a simple and Vol.5 fast algorithm. By using the mask layer of the ETM + image and the input image , the morphology operators is implemented according to :
where E is extracted border image of the stripes , M is mask image , I is the image itself, X is dot product operator , and 8 is morphological erosion. The Mask image is a binary image , having values of 1 in gap areas and zero in no-gap areas. The morphological kernel is a 3 x 3 matrix as shown in figure 1 ( c) .
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5 Stitch-line length
In this step, we select pixels adjacent to each border pixel with a process based on radiometric similarity.
There are ( n + 1 ) pixels forming the stitch line with a border pixel at the center. Since this center value is fiXed and the adjacent values are selected to be propor- Fig. 1 (f) ) to the stitch line , which has now 5 pixels and passes through the background adjacent pixels (Fig. 1 (g) ) .
6 Estimation of borderline pixel values
In this last step , we form a line with a length of ( 2n + 1) pixels, where n is the longitude level of the stitch line. We can estimate the best values for the borderline pixels by using the following equation with incorporated weights for the pixels in the stitch line. (2) where X is the estimated value of borderline pixel, P; is the value of the ith adjacent pixel, g is the old borderline pixel value, n is the total number of adjacent pixels on each side of the borderline pixel , Di is the distance of a pixel from the center pixel , and more weight is granted to a closer pixel ( Fig. 2) .
Test results

1 Algorithm implementation
The test data used in this study was from a single-band ( Band 4) of a Landsat ETM + SLC-Off image of north Tehran in Iran acquired in 2012 ( Fig. 3(a) ) and a SLCon image of exactly the same area acquired by Landsat 5
satellite's sensor MSS in 2002 (Fig. 3 (b) ) . These images Although the resultant A WLHM image ( Fig. 3 ( d) )
is quite different from the imported data ( Fig. 3 ( a) ) , a significant quantitative improvement is observable through statistical analysis. After this modification, the border pixels with new values are counted as pixels in a new non-striped region. It is possible to repeat this algorithm on the new borderline between new striped and non-striped regions to seek additional but smaller improvement.
1 Validation and evaluation
To evaluate the results qualitatively and quantitatively to see if they have made any improvement , we used an intact (no gap) part of the SLC-Off scene, which has both urban and homogenous rural areas, with its compatible fill scenes as our validation data. We also used an artificially masked image ( Fig. 4 ) 
Conclusions
In this paper, we addressed a striping problem caused by a previous effort to compensate for SLC -Off defect , and proposed a simple improvement method applicable to the output data of LLHM and A WLHM algorithms.
This method deals with pixels at the border line between the striped area and its adjacent area, and develops a stitch line between these areas by assuming similarity of neighboring pixels. Data from band 4 were selected for validation tests , because the image had a higher contrast. Such tests and error evaluations , using mean absolute difference, showed both quantitative and qualitative improvements by this method. we can see how the precision was improved through this algorithm and how the estimated pixel values became closer to the real values. However, this method also introduced a smoothing effect at the stripe borders, due to the fact that we used mean estimator. However, this effect is negligible , because there was a selection process before the estimation. By using the ground-truth pixels, we assured the reliability of this method.
In the future, it may be of interest to apply this method to study data from all the bands, or to use images for the same area obtained by other ancillary sensors. Also, it may be worthwhile to look into some appropriate nonlinear central estimators, both for estimating the center values of the adjacent pixels , and for error estimation and comparison.
